Abstract. The upcoming Cosmic Microwave Background (CMB) experiments BICEP2/Keck and SPIDER will be using planar arrays of polarization sensitive antenna-coupled TES bolometers, operating at frequencies between 96GEIZ and 220 GEIz. At 145 GlTz each array consists of 64 polarimeters (128 TES sensors) and four of these arrays are assembled together to make a focal plane. The detector arrays are integrated with a time-domain SQUID multiplexer developed at NIST and read out using the Multi-Channel Electronics (MCE) developed at the University of British Columbia. We present our progress in characterizing focal plane arrays and SQUID multiplexed readout for BICEP2 and SPIDER, describing testing procedures and giving a summary of dark measurements results, as well as preliminary optical measurements.
INTRODUCTION
One of the primary science goals of Cosmic Microwave Background (CMB) cosmology in the next decade is the degree-scale B-mode polarization induced by a gravitational wave background. A detection would not only confirm inflation, but it would also distinguish between models and constrain the physical processes causing it. Searching for Bmode polarization presents several challenges for focal plane detector development: a large number of sensitive detectors are required, wide frequency coverage for astrophysical foregrounds monitoring and excellent control of polarization systematics [1] . B1CEP2/Keck and SPIDER are experiments designed to measure the polarization of the CMB. SPIDER [2] is a balloon-borne experiment targeting the very large angular scale CMB polarization, while B1CEP2/Keck [3] will be observing from the South Pole, aiming to detect the signature of inflation on scales ~ 1 degree. B1CEP2/Keck and SPIDER focal planes will employ planar arrays of dual-polarization anterma-coupled TES bolometers operating at frequencies between 96 GHz and 220 GHz. Single 96 GHz and 145 GHz devices have already been successfully tested, showing good electrical and optical performances [4, 5] . We have since built focal planes for both B1CEP2 and SPIDER, integrating the detector arrays with a timedomain SQUID multiplexer [6] and using the MultiCharmel Electronics (MCE) [7] to readout the detectors. The uniformity of detector electrical and optical performances across the arrays is essential in order to achieve target sensitivities. 
FOCAL PLANE ARCHITECTURE
At 145 GHz each array consists of 64 polarimeters (128 TES sensors) and four of these arrays are assembled together to make a focal plane, for a total of 256 dual-polarization elements (see top Fig. 1) . A polarimeter unit (see bottom Fig. 1 ) consists of a pair of co-locating orthogonal antennas, summing networks, filters and two TES bolometers, one for each linear polarization [5] . Each TES bolometer consists of Ti {Tc ~ 500mK) and Al {Tc ~ 1.3K) connected in series. The Al TES is used for optical characterization under laboratory loading conditions, where the Ti TES saturates.
The detector arrays are integrated with the SQUID time-domain multiplexer developed at NIST [6] using a simple scheme. Each detector wafer, stacked together with a X/4 quartz anti-reflection wafer and a X/4 backshort, is firmly mounted on a gold plated OFHC copper plate and connected to a printed circuit board via Al wirebonds. Detector signals are routed via Al traces on the circuit board to 32-element NIST SQUID multiplexer (MUX) chips. We use 16 MUX chips to readout all the detectors on a focal plane. NIST "Nyquist" inductor (NYQ) chips are used in conjunction with MUX chips to filter high frequency noise. The shunt resistors used to voltage bias the TESs are fabricated on the NYQ chips at NIST. The MUX/NYQ chips are mounted on the PCB using an intermediary alumina carrier.
The 4 detector arrays are readout on a 16 columns by 32 rows format using the Multi-Channel Electronics (MCE) [7] developed at the University of British Columbia (UBC). Columns are defined by the MUX/NYQ chips, while the rows are defined by the 32 first stage SQUIDs, each inductively coupled to a TES. We have one TES bias line for each NYQ chip, where the 32 TESs of a given column are biased in series. Therefore we can bias all the detectors on the focal plane using 16 bias hues, 4 for each detector array.
ARRAYS PERFORMANCE
In order to achieve expected sensitivities it is very important to improve not only fabrication yield but also reproducibility and uniformity of detector parameters such as transition temperature {Tc), normal resistance {Rn) and thermal conductivity (G) over the entire focal plane. Early engineering grade arrays were affected by detector shorts to ground, which were not only reducing yield but also causing large power dissipation on the focal plane when attempting to bias the detectors. These arrays were also characterized by detector parameters values much higher than target and not very uniform. Improvements in the microfabrication process steps (described in [8] ) provide a > 95% device yield, and reproducible and uniform device parameters. After fabrication only a few detectors of each array are 'pre-screened' in a cryogen-free ^He fridge, using a commercial resistance bridge to measure Tc and Rn for ~ 16 devices at the time [8] . After this quick test four detector arrays are 
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FIGURE 2: Histograms of transition temperature (Tc) (top) and thermal conductance at the transition temperature (Gc) (bottom) for a typical BICEP2 array. integrated with MUX/NYQ chips into the focal plane assembly and any further tests on SQUlDs and detectors are performed in B1CEP2 and in the SPIDER test cryostat using the time-domain SQUID multiplexer and the MCE. MUX/NQY chips are usually screened at NIST prior to assembly.
Dark measurements
We perform a series of dark tests to characterize both SQUlDs and detectors: measurements of SQUlDs V-cp curves [9] to find 'optimal' operating points; noise measurements with the Ti TESs in superconducting and normal state to check for uniformity of SQUlD/shunt noise (and check for anomalies),load curves to measure detector parameters and noise measurements at different bias points on the Ti transition to study noise performances with the SQUID multiplexer.
Design device parameters at 145 GHz for B1CEP2 and SPIDER are listed in Table 1 . Only the thermal conductance is different, due to different operational loading conditions (PsaO-In order to determine detector parameters we measure load curves at ~ 10-15 different focal plane temperatures ramping the detector bias simultaneously on all the 16 bias hues. From these data we fit Tc, Rn, Gc and /?for the Ti TES. Average measured device parameters for B1CEP2 and SPIDER are hsted in Table2 and typical Tc and Gc distributions for a B1CEP2 array are plotted in Fig. 2 . All the engineering grade detector arrays tested so far show not only excellent uniformity, but results reproducible from array to array within few percent. This is very promising on the path to producing science grade arrays for B1CEP2/Keck and SPIDER.
We also measure load curves for the Al TESs, in order to check the transition temperature and verily we can bias them on transition with the TES bias range the MCE provides, without excessive power dissipation in the shunt resistors. We measure an average T^ ~1.34K and we recently confirmed we can bias all the Al TES sensors simultaneously on transition (under laboratory loading conditions) with only a small increase of the focal plane operating temperature.
Time-domain multiplexing is a powerful tool to readout a large number of detectors, but the limited sampling rate means that high frequency noise is aliased back into the signal band. The two main sources of high frequency noise are SQUID noise and detector noise. We measure an aliased SQUID noise (multiplexing at a frame rate of ~ 15 kHz) of ~ 25 pA/VHz. Because we don't have an independent measurement of unmultiplexed SQUID noise, we check the unahased SQUID noise level for a few pixels by acquiring 50 MHz 'raw' data with the MCE (using a special firmware developed for this purpose). We find that aliasing increases the SQUID noise level by a factor ~ 8. However, this is a few times smaller than the detector noise on transition for both SPIDER and B1CEP2. High frequency intrinsic detector noise is filtered with a Nyquist inductor to reduce the amount of inband ahasing. The inductance has to be large enough to avoid degradation due to ahasing, but still be small enough for detector bias stability. So far we have tested NYQ chips with inductances of ~ 0.5|j,H and 1.35|aH with both BICEP2 and SPIDER arrays. We have measured the noise spectra at different bias points on the Ti transition and compared them with a model to determine the amount of ahasing. We find that the optimal inductance is 1.35|j,H., both for SPIDER and BICEP2 detectors.
Optical Efficiency Measurements
The first optical efficiency measurements on focal plane arrays have been performed in BICEP2 using an internal blackbody source (an HR-10 covered Al plate, with a distributed heater, mounted inside the cryostat at ~ 40K). We have measured detectors load curves at several different optical loadings, corresponding to blackbody temperatures between 42K and 62K. Figure  3 (top plot) shows an example of change in detector saturation power as a function of optical loading for two TESs on the same pixel (corresponding to the two orthogonal linear polarizations). Figure 3 (bottom) shows an histogram of measured optical efficiencies (at 145 GHz) for the same array. The average optical efficiency is ~ 67%, consistent with single device measurements [5] . These prehminary results are very promising.
FUTURE PLANS
At the time of this writing a second generation engineering grade focal plane installed in BICEP2 is being tested for the first time under laboratory loading conditions, looking at thermal sources outside the dewar: tests are underway to map beams and measure filter spectra for the full focal plane arrays. After completing optical characterization, a BICEP2 science grade focal plane will be assembled and fully characterized.
BICEP2 will employ only 145 GHz detector arrays, while SPIDER/Keck receivers will employ arrays operating at 96 GHz, 145 GHz and 220 GHz. Dark and optical characterization of SPIDER/Keck 96 GHz detector arrays will start soon. Single 220 GHz devices will be fabricated and tested.
